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(54) GRADUAL MULTIFOCUS LENS AND METHOD OF MANUFACTURING THE SAME 

(57) In a process of determining the surface shape 
of each of progressive multifocal lenses for use as F,c * 1 

lenses in eyeglasses, radii of curvature at main points 
are calculated, and then the surface is divided into a 
plurality of lattice sections, and then a curved-surface 
equation in the form of a bicubic expression is used for 
each section to determine the surface shape of the lens. 
A coefficient of each of the bicubic expressions is deter- 
mined under a condition that continuation is established 
to curved-surface equations of sections adjacent at the 
boundary between the sections to the derivatives of 
second order. Therefore, the surface shape of the lens 
obtained by the curved-surface equation for each sec- 
tion can be formed into a continuous and smooth sur- 
face. Since the curved surface can be determined for 
each section, a partial correction can easily be per- 
formed, if necessary. As a result, a progressive multifo- 
cal lens can be provided which exhibits smooth 
astigmatism curves and a large clear field of vision to 
meet a variety of specifications. Thus, lenses for eye- 
glasses each having a clear field of vision can be pro- 
vided. 
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Description 

Technical Field 

The present invention relates to a progressive 5 
multifocal lens for use in eyeglasses and to a method of 
manufacturing the same. 

Background Art 

A progressive multifocal lens is a lens consisting of 
two portions having different refractivities from each 
other, and another portion formed between the two por- 
tions and having refractivity which is progressively 
changed. The progressive multifocal lens has no bound- 
ary, exhibits excellent appearance and enables fields of 
vision having different refractivities to be obtained from 
one lens. Therefore, the progressive multifocal lenses 
have been used widely for lenses for eyeglasses for cor- 
recting presbyopia. Fig. 1 shows the general structure of 
a progressive multifocal lens which has been used 
widely as a lens for eyeglasses. Fig. 1 is a perspective 
view of an outer surface (the surface) 2 of a lens 1 for 
eyeglasses which projects outwards to form convexity. 
The lens 1 has an inner surface facing a wearer's eye 
and having a substantially constant curvature, and the 
outer surface 2 having different curvatures so as to form 
two portions having different refractivities from each 
other and an intermediate portion connecting the fore- 
going two portions to each other. 

When a portion extending along main meridian 
curve M located substantially in the central portion of 
the surface 2 of the lens is examined, the main meridian 
curve M1 above distance design reference point A has 
a substantially constant radius of curvature R1. Main 
meridian curve M2 below near design reference point B 
located below the distance design reference point A has 
a substantially constant radius of curvature R2 which is 
smaller than the radius of curvature of the main merid- 
ian curve M1 located above the main meridian curve 
M2. Main meridian curve M3 extending from the dis- 
tance design reference point A to the near design refer- 
ence point B has a radius of curvature which is 
gradually changed from R1 to R2. A portion above the 
distance design reference point A is a distance portion 
5 having a relatively small refractivity. On the other 
hand, a portion below the near design reference point B 
is a near portion 6 which is a portion having relatively 
large refractivity. Assuming that the refractivity index of 
the lens 1 is n, the base curve of the surface 2 of the 
lens is expressed by ((n - 1)/R1 ). A major portion of the 
curved surfaces forming the distance portion 5 is 
defined by the foregoing curve. The foregoing base 
curve is hereinafter expressed with the refractivity 
(diopter (D) units) of the curved surface defined with the 
base curve. 

A portion from the distance portion 5 to the near 
portion 6 is an intermediate portion 7. In this portion, the 
refractivity is progressively changed. The change in the 



plane refractivity taking place from the distance design 
reference point A to the near design reference point B is 
called addition power. Also the addition power is herein- 
after indicated in diopter (D) units. 

A major portion of the progressive multifocal lenses 
is designed such that the curvature of the main meridian 
curve M is the same as the curvature in a direction per- 
pendicular to the main meridian curve M of the surface 
2. That is, the portion along the main meridian curve M 
is formed into a substantially spherical shape having the 
surface, the astigmatism (the surface astigmatism) of 
which is zero. However, the other portions, forming one 
smooth surface by continuously connecting the distance 
portion 5 and the near portion 6 having different refrac- 
tivities to each other, are formed into aspheric surfaces. 
Thus, astigmatism is generated. In general, an aspheric 
surface is easily formed as the distance from the main 
meridian curve M is lengthened, thus causing the sur- 
face astigmatism to be enlarged in the periphery of the 
lens. Then, the surface astigmatism is obtained from the 
difference in the curvature at various points of the sur- 
face 2 of the lens, the obtained surface astigmatism 
being expressed as values converted into diopter units. 
A usual wearer of eyeglasses is able to obtain a clear 
sight if the astigmatism is 1.0 diopter or less, preferably 
0.5 diopter or less, in such a manner that the wearer 
does not suffer from lack of focus. Therefore, the portion 
in which the astigmatism is included in the foregoing 
value range is called a "clear sight portion". The wider 
the foregoing clear sight portion is, the clearer images 
can be. 

The progressive multifocal lens has astigmatism 
because of the structure thereof. Therefore, it is an 
important consideration in designing the lens to deter- 
mine the permissible positions and degrees of astigma- 
tism produced by the lens. If one point is observed 
closely (where static sight is required) for example read- 
ing a book, it is preferable that the overall astigmatism is 
small to obtain a clear image. Moreover, it is preferable 
that a wide clear sight be realized in each of the dis- 
tance portion, near portion and the intermediate-sight 
portion. If an object in one's field of vision is moved rel- 
atively (where dynamic sight is required) to the field of 
vision, for example, where a wearer of eyeglasses fol- 
lows a moving object or the wearer moves his/her neck, 
it is preferred that the astigmatism produced in the 
periphery of the lens, of course, be small. Moreover, it is 
preferable that change in the astigmatism is moderate 
and the astigmatism is routinely changed in the direc- 
tion in which the user's eye moves. That is, when posi- 
tions having the same astigmatism are connected by a 
curve, the smoother the astigmatism curves are, move- 
ment of the image can be prevented and clearer sight 
can be obtained. 

It is very difficult to obtain a progressive multifocal 
lens exhibiting both excellent static sight and an excel- 
lent dynamic sight That is, to obtain excellent static 
sight, a wide clear field of vision is required, thus caus- 
ing the astigmatism to be enlarged in the intermediate 
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portion and the periphery of the lens. As a result 
smooth astigmatism curves cannot be obtained. Thus, 
excellent dynamic sight cannot be easily obtained. K the 
astigmatism is dispersed to obtain an excellent dynamic 
sight, clear field of vision is reduced. Thus, the static 5 
sight deteriorates. In order to obtain clear sight with the 
progressive multifocal lens of the foregoing type, a plu- 
rality of different design concepts have been disclosed. 
For example, a progressive multifocal lens has been 
disclosed in Japanese Patent Laid-Open No. 55- 
171569 in which the clear field of vision in the near por- 
tion is reduced because dynamic sight is not necessar- 
ily required when, for example, reading a book; and the 
clear field of vision in the distance portion, in which 
dynamic sight is required, is enlarged. In Japanese Pat- 
ent Laid-Open No. 2-248920, a progressive multifocal 
lens is disclosed in which the clear field of vision in the 
near portion is enlarged and the clear field of vision in 
the distance portion is reduced. 

In Japanese Patent Laid-Open No. 59-48732, a 
structure has been disclosed in which the boundary 
lines of the intermediate portion perpendicular to the 
main meridian curve are moved vertically to prevent 
change in the astigmatism in the side portions of the 
intermediate portion. In Japanese Patent Laid-Open 
No. 60-61719, a structure has been disclosed in which 
the progressive zone is considerably lengthened to pre- 
vent change in the ref ractivity so as to improve the inter- 
mediate field of vision and distance field of vision. 

In accordance with the various design concepts, 
the distribution of the refractivrty over the surface of the 
lens and the curvatures corresponding to the refractivi- 
ties are determined. Then, a curved-surface equation is 
obtained which is capable of smoothly connecting the 
foregoing portions to determine the surface shape of the 
progressive multifocal lens. A polynomial of degree "n" 
is usually employed as the curved-surface equation. For 
example, employment of a polynomial of ten to twenty- 
four degrees has been disclosed in Japanese Patent 
Laid-Open No. 61-252526. To express a complicated 
plane of the progressive multifocal lens, a curved-sur- 
face equation ten degrees or higher is required. How- 
ever, even if the foregoing curved-surface equation of 
such higher degrees is employed, the surface of the 
progressive multifocal lens cannot satisfactorily be rep- 
resented. In a case where smooth astigmatism curves 
are obtained for example, it is preferable that the surface 
is represented by a curved-surface equation without 
higher degree terms, rf possible. However, if higher 
degree terms are not introduced, a surface of a lens in 
which the refractivrty is distributed in accordance with 
the foregoing design concept cannot easily be obtained. 
If the addition power is large, a curved-surface equation 
using higher degree terms is required, ff the surface of 
the lens is expressed by a higher degree curved-surface 
equation, the astigmatism is increased in the periphery 
of the lens. Since smooth astigmatism curves cannot be 
obtained in this case, movement of the image is intensi- 
fied. Therefore, a curved-surface equation of intermedi- 



ate degree is inevitably employed. Thus, the intention of 
the various design concepts cannot satisfactorily be 
realized. In particular, a curved-surface equation for 
forming the surface of a lens having satisfactory per- 
formance cannot easily be obtained for a progressive 
multifocal lens having a large addition power, which 
easily produces the astigmatism. Therefore, an appro- 
priate curved-surface equation cannot easily be 
obtained if a considerably long period of time is taken. 

After the higher degree curved-surface equation 
has been obtained, the performance of the progressive 
multifocal lens having the surface shape expressed by 
the obtained curved-surface equation is confirmed. At 
this time, correction of a portion of the refractivrty distri- 
bution is sometimes required to improve the perform- 
ance of the lens rf the obtained performance is 
unsatisfactory. However, the obtained curved-surface 
equation is an equation for representing the overall sur- 
face of the lens. Therefore, partial change of the refrac- 
tfvity distribution does not result in a partial change of 
the curved-surface equation but results in change in the 
overall curved-surface equation. Therefore, a special 
curved-surface equation must be obtained. Accordingly, 
more time is required to again obtain a curved-surface 
equation. The surface shape of the lens obtainable by 
correcting a portion of the same is innovative, thus 
resulting in a necessity in which confirmation of the per- 
formance and the like of the lens is repeated. Therefore, 
an appropriate surface shape of the lens cannot easily 
be obtained and a long period of time is required. Since 
the curved-surface equation is determined by the fore- 
going method, an optimum curved-surface equation 
cannot always be obtained and the astigmatism cannot 
easily be optimized. 

Accordingly, an object of the present invention is to 
provide a progressive multifocal lens capable of setting 
an optimum quantity of astigmatism in accordance with 
the foregoing various design concepts and a manufac- 
turing method therefor. Moreover, an object of the 
present invention is to provide a progressive multifocal 
lens capable of easily correcting a portion of the surface 
shape of the lens and obtaining an optimum surface 
shape of the lens in a short period of time and a manu- 
facturing method therefor. Another object of the present 
invention is to provide a progressive multifocal lens 
exhibiting a large clear field of vision and smooth astig- 
matism curves and enabling clear static sight and 
dynamic sight simultaneously and a manufacturing 
method therefor. 

Disclosure of the Invention 

A progressive multifocal lens according to the 
present invention is arranged in such a manner that its 
surface is not expressed by one curved-surface equa- 
tion but rather the surface is divided into a plurality of 
sections and an optimum curved-surface equation for 
each section is used to express the surface shape. That 
is, a progressive multifocal lens according to the present 
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invention conprises a distance portion having relatively 
low refractivity, a near portion having relatively high 
refractivity and an intermediate portion having refractiv- 
ity which is progressively changed between the two por- 
tions, wherein at least either surface of the progressive 5 
multifocal lens is continuously divided into a plurality of 
sections each of which has a surface shape determined 
in accordance with a curved-surface equation therefor. 
Moreover, the curved-surface equations for the sections 
are, in each boundary of the sections, continuous to w 
each other at least to the extent of derivative functions 
of second order of the curved-surface equations. There- 
fore, a smooth curved surface can be obtained over the 
surface of the lens. 

A progressive multifocal lens according to the 15 
present invention can be manufactured by a manufac- 
turing method comprising the steps of: setting distribu- 
tion of refractivity of the distance portion, the near 
portion and the intermediate portion for at least one sur- 
face of the progressive multifocal lens; setting a curva- 20 
ture radius in accordance with the set distribution of the 
refractivity; dividing the surface of the lens into a plural- 
ity of continuous sections; determining a curved-surface 
equation for each section under a condition that at least 
the curved-surface equations for respective sections 25 
are continuous in the boundaries of the respective sec- 
tions at least to the extent of derivative functions of sec- 
ond order of the curved-surface equations; and forming 
the surface of the lens to have a surface shape deter- 
mined in accordance with the curved-surface equation 30 
for each section. 

The progressive multifocal lens according to the 
present invention has the surface shape determined by 
using an optimum curved-surface equation for each 
section. Therefore, the surface shape for a variety of 35 
design concepts can easily be realized. Furthermore, 
the curved-surface equation for one or a plurality of sec- 
tions can easily be changed so that the surface of the 
lens is partially corrected. Therefore, the present inven- 
tion enables an optimum surface shape for a lens to be 40 
formed. Thus, a progressive multifocal lens having a 
large clear field of vision and smooth astigmatism 
curves can be provided. Moreover, an operation can 
easily be performed in which the difference in the distri- 
bution of the astigmatisms and in the refractivrties at the 45 
position of the eye obtained by a ray tracing method are 
obtained, and then the radius of curvature is corrected 
to minimize the differences, and then the curved-sur- 
face equations are obtained. Therefore, a progressive 
multifocal lens having excellent performance can be so 
provided. Moreover, a lens having a large addition 
power can be formed into a progressive multifocal lens 
having satisfactory performance. 

Since the curved-surface equation represents the 
curved surface in the section, the surface shape of a ss 
lens having satisfactory performance can be repre- 
sented by curved-surface equations in the form of bicu- 
bic expressions. As a matter of course, higher curved- 
surface equations, such as biquartic equations, may be 



used. However, the higher degree curved-surface equa- 
tion over ten degrees, which has been required with the 
conventional structure, is not required. Moreover, a task 
for obtaining an optimum curved-surface equation can 
be saved. 

The surface of the lens is required to be divided into 
polygonal sections, the shape of which is not particu- 
larly limited. For example, the surface may be divided 
into lattice shapes. It is convenient in the foregoing case 
when a computer is used to perform calculations for 
obtaining coordinates of each section. Astigmatism 
curves of a progressive multifocal lens realized by 
obtaining a curved-surface equation in such a manner 
that the surface is divided into lattice sections, one side 
of which is about 1 mm to about 4 mm, are smoother as 
compared with the astigmatism curves of a conven- 
tional progressive multifocal lens obtained by a higher 
polynomial. When the curved-surface equation is 
obtained by dividing the surface into lattice shapes, one 
side of which is about 1 mm to about 3 mm, a surface 
shape of the lens can be obtained which has smooth 
astigmatisms and a large clear field of vision. When the 
curved-surface equation is obtained by dividing the sur- 
face into lattice sections, one side of which is about 1 
mm to about 2 mm, smoother astigmatisms and large 
clear fields of vision can be obtained. It is also effective 
to divide the surface of the lens into sections having dif- 
ferent areas. For example, the near portion, in which the 
density of the astigmatism curves can easily be high, 
may be divided into lattice sections, one side of which is 
about 1 mm to about 3 mm, to obtain the curved-surface 
equation. It is also effective to divide the intermediate 
portion, in which the refractivity is progressively 
changed, into lattice sections, one side of which is about 
1 mm, to obtain the curved-surface equation. 

Referring to the drawings, the present invention will 
now be described further in detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the schematic 
surface shape of a progressive multifocal lens for 
use as lenses for eyeglasses; 
Fig. 2 is a flow chart showing a process for manu- 
facturing the progressive multifocal lens according 
to an embodiment of the present invention for use 
as a lens for eyeglasses; 

Fig. 3 shows a state where the surface of the pro- 
gressive multifocal lens is divided into lattice sec- 
tions; 

Fig. 4 shows astigmatisms of a progressive multifo- 
cal lens manufactured by a conventional method 
according to a first embodiment; 
Fig. 5 is a graph showing astigmatisms of a pro- 
gressive multifocal lens manufactured by a method 
according to the present invention according to the 
first embodiment; 

Rg. 6 shows coordinates of the progressive surface 
of the progressive multifocal lens shown in Fig. 5; 
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Fig. 7 shows astigmatisms of a progressive multifo- 
cal lens manufactured by using 3 mm x 3 mm lattice 
sections according to the first embodiment; 
Fig. 8 shows astigmatisms of a progressive multifo- 
cal lens manufactured by using 4 mm x 4 mm lattice 
section according to the first embodiment; 
Fig. 9 shows astigmatisms of a progressive multifo- 
cal lens manufactured by a conventional method 
according to a second embodiment of the method 
of the present invention; 

Fig. 10 shows astigmatisms of a progressive multi- 
focal lens manufactured by the method according to 
the second embodiment of the present invention; 
Fig. 1 1 shows astigmatisms of a progressive multi- 
focal lens manufactured by a conventional method 
according to a third embodiment; 
Fig. 12 shows astigmatisms of a progressive multi- 
focal lens manufactured by a method according to 
the third embodiment of the present invention; 
Fig. 13 shows astigmatisms of a progressive multi- 
focal lens manufactured by a conventional method 
according to a fourth embodiment; 
Fig. 14 shows astigmatisms of a progressive multi- 
focal lens manufactured by a method according to 
the fourth embodiment of the present invention; 
Fig. 15 shows astigmatisms of a progressive multi- 
focal lens manufactured by a conventional method 
according to a fifth embodiment; 
Fig. 16 shows astigmatisms of a progressive multi- 
focal lens manufactured by a method according to 
the fifth embodiment of the present invention; 
Fig. 17 shows astigmatisms of a progressive multi- 
focal lens manufactured by a conventional method 
according to a sixth embodiment; 
Fig. 18 shows astigmatisms of a progressive multi- 
focal lens by a method according to the sixth 
embodiment of the present invention; 
Fig. 19 shows astigmatisms of a progressive multi- 
focal lens manufactured by a conventional method 
according to a seventh embodiment; and 
Fig. 20 shows astigmatisms of a progressive multi- 
focal lens manufactured by a method according to 
the seventh embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Referring to embodiments of the present invention, 
the present invention will now be described in detail. 
Fig. 2 shows a flow chart of a method of manufacturing 
a progressive multifocal lens for use as a lens for eye- 
glasses according to the present invention. In step 11, 
basic specifications of the progressive multifocal lens, 
for example, the base curve, addition power and the 
refractivfty are supplied to a computer. Note that the 
description will be performed about a progressive multi- 
focal lens having a surface (hereinafter called a "reverse 
surface") facing the eye of a wearer and formed to have 
a substantially constant curvature, and an external sur- 



face (the surface) opposite to the eye of the wearer and 
formed to have different curvatures. 

In step 12, the lens degree distribution (the refrac- 
tivity distribution) of the overall surface of the lens is 

5 obtained in accordance with the foregoing design con- 
cept. In step 13, the curvature radius at each of main 
points of the surface of the lens is calculated in accord- 
ance with the degree distribution to determine the out- 
line of the distribution of the astigmatisms. In this state, 

10 the main surface shape of the surface and the reverse 
surface of the tens are determined. 

Then, in step 14, a surface 2 of the lens is, as 
shown in Fig. 3, divided into (M - 1) x (N - 1) lattice 
portions, and then x-axis and y-axis are determined to 

is calculate coordinates P (i, j) of each of M x N lattice 
points. It is preferable that the distance between the lat- 
tice points be about 1 mm to about 4 mm. Although it 
can be considered that the surface of the lens can be 
optimized by shortening the distance between the lat- 

20 tice points, the amount of calculations for the design 
rapidly increases. If the optesthesia is considered, the 
wearer's sight cannot significantly be improved by opti- 
mizing the lens by using lattice points smaller than 1 
mm. If the interval between the lattice points is longer 

25 than about 4 mm, the astigmatism curves may shake 
easily producing a portion having a large astigmatism in 
an intermediate portion or a near portion in which the 
refractivity is changed considerably, intermediate por- 
tion or a near portion in which the refractivity is changed 

30 considerably. 

After the coordinates of the lattice points have been 
determined, a ray tracing method is employed in step 15 
so that the performance of each of the lattice sections 
surrounded by four lattice points in the lens is confirmed 

35 by a wearer's eye. When ray tracing is performed, the 
refraction of the reverse surface of the lens are sequen- 
tially and accurately traced and calculated as well as 
those of the surface of the lens so that the performance 
of the lens is obtained. Therefore, the difference in the 

40 astigmatism and the refractivity confirmed by the eye of 
the wearer can be calculated in the foregoing step so 
that the radius of curvature obtained in step 13 is cor- 
rected in such a manner that the difference in the distri- 
bution of the astigmatism and the refractivity for each 

45 section. 

In step 16 the curved-surface equation is deter- 
mined for each section in accordance with the corrected 
curvature radius. In this embodiment, the following bicu- 
bic expression is employed as the curved-surface equa- 
50 tion. 

3 3 

«u(*.y)= ZS c m.n(x-x,) m (y-y,) n (1) 

m=0n=0 

55 

To determine sixteen (16) coefficients (Cm,n) of the 
foregoing curved-surface equation, conditions are intro- 
duced in step 1 7 to enable the curved surface of the lat- 
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tice section to be smoothly connected to adjacent 
curved surfaces. That is, under condition that continua- 
tion to second-order differentiation is realized, that is, 
continuation of the curved-surface equation of each 
section is realized to the derivative of second order in 
the boundary, the curved-surface equation of each sec- 
tion is determined. 

The procedure will now be described. X-axial direc- 
tional coordinate sequences (N sequences) are sub- 
jected to spline interpolation to obtain the following 
linear derivative: 



where 



Sz 
6x 



z=f(x,y) 



(2) 



(3) 



Moreover, the end conditions of P (1, 1) to P (1, N) 
and P (M, 1) to P (M, N) are obtained in such a manner 
that P (1, j), P (2, j), P (3, J) and P (M - 2, j), P (M - 1, j) 
and P (M, j) are circles. Similarly, y-axial directional 
coordinate sequences (M sequences) are subjected to 
spline interpolation to obtain the following linear deriva- 
tive: 



6z 
5y 



(4) 



By using the foregoing equations, spline interpola- 
tion is performed to obtain the following derivative of 
second order: 



_8 
5x 



.(5) 



The end conditions are as follows: 
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Therefore, a smooth curved surface can be formed 
on the surface of the lens under a condition that the fol- 
lowing four values of each curved-surface equation, 
obtained as described above, are in the boundary of the 



lattice section, that is, at each point, are the same as the 
value of each of the adjacent curved-surface equations. 



I & & _8j & n 



As a result, sixteen (16) conditional expressions are 
given as the boundary conditions of the lattice section 
surrounded by four points. Therefore, by solving the six- 
teen (16) simultaneous equations, all of the sixteen (16) 
coefficients of curved-surface equation (1) can be 
obtained. The curved surface obtained in step 17 and 
expressed by the curved-surface equation in the form of 
the bicubic expression is guaranteed to be C2-class 
connected (continuous to second-order differentiation) 
in the boundary of each section. Therefore, a similar 
procedure is applied to all of the lattice sections to 
obtain a curved-surface equation for each section. 
When the surface shape of the lens is expressed by the 
obtained curved-surface equations, a smooth surface of 
the lens can be obtained. As a matter of course, the 
curved-surface equations may be obtained in such a 
manner that higher derived functions are continuous in 
the boundary of the sections. 

Each section has been given a predetermined cur- 
vature in accordance with the basic specification of the 
progressive multifocal lens and various design con- 
cepts, the given curvature being corrected by the ray 
tracing method. Therefore, by machining the surface of 
the lens to have the surface shape in accordance with 
the curved-surface equation for each section obtained 
in step 17, an optimum progressive multifocal lens can 
be manufactured. 

This embodiment has a structure such that if a 
check of the performance of the surface shape obtained 
in step 1 7 in view of the astigmatism curves and the like 
results in an improvement in the required performance, 
the curvature of an appropriate section can be reset in 
step 18. After it has been reset, the operation returns 
from step 19 to step 15 in which the foregoing steps are 
repeated so that a curved-surface equation for realizing 
a progressive multifocal lens having improved perform- 
ance is obtained. When the foregoing steps are 
repeated, the manufacturing method according to this 
embodiment simply requires the curved-surface equa- 
tion of the reset section and those of the surrounding 
sections affected by the subject section being again cal- 
culated to obtain the overall surface shape of the lens. 
Therefore, the necessity of performing calculations for 
all sections to again determine the curved-surface 
equations can be eliminated so that an optimum surface 
shape of the lens is obtained in a short period of time. If 
the overall curved surface is expressed by a higher pol- 
ynomial, change of a portion of the curvature results in 
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the conditions of the curved-surface equation being 
changed. Therefore, all calculation must be again per- 
formed to obtain new polynomials. Accordingly, a 
method of partially correcting the surface of a lens 
obtained by the conventional method to optimize the 
surface shape cannot actually be employed. However, 
with the method according to this embodiment, if the 
surface of the lens is partially corrected, the correction 
does not affect the overall refracted surface. That is, 
correction can be performed without influence of the 
state of correction of the other portions. Thus, repetition 
of corrections by the foregoing method enables an opti- 
mum surface of the lens to be easily obtained. 

If a determination has been performed in step 19 
that an optimum surface of the lens has been obtained, 
the obtained curved-surface equations are converted 
into numerical data in step 20. Then, a surface of the 
lens having the surface shape according to the curved- 
surface equation is formed. 

A plurality of progressive multifocal lenses manu- 
factured by the foregoing manufacturing method will 
now be described together with lenses manufactured by 
the conventional method for comparison. 

[First Embodiment] 

Figs. 4 and 5 show astigmatism curves of progres- 
sive multifocal lenses, the basic specification of which is 
such that the base curve is 4 diopter (D), addition power 
is 2D and the refractivity is 1.66. The shown astigma- 
tism curves are obtained such that the difference in the 
curvature at each point on the reverse surface (having a 
main meridian curve) of the lens is obtained as the 
astigmatism of the surface; and points having the sur- 
face astigmatisms were connected by curves. Fig. 4 
shows the surface astigmatism curves of the surface of 
a lens manufactured by a conventional polynomial of 
twelve degree. Fig. 5 shows the astigmatism curves of 
the surface of a lens manufactured by the method 
according to the present invention in such a manner that 
the surface of the lens is divided into 2 mm x 2 mm lat- 
tice sections. Fig. 6 shows the coordinates of the pro- 
gressive surface of the progressive multifocal lens 
according to this embodiment in such a manner that the 
pitch in the x and y directions is 5 mm. 

The progressive multifocal lenses shown in Figs. 4 
and 5 are progressive multifocal lenses having the clear 
static sight and dynamic sight in a distance portion 5 
and clear static sight in a near portion 6. Thus, the 
lenses are designed to provide a relatively large clear 
field of vision for the distance portion 5 and relatively 
smooth astigmatism curves are obtained in the interme- 
diate portion 7. However, the astigmatism curves near 
the distance design reference point A of the progressive 
multifocal lens obtained by the conventional method 
have irregular portions. Moreover, the astigmatism 
curves adjacent to the clear field of vision in the near 
portion 6 have irregular portions. Therefore, it can be 
considered that use of the foregoing progressive multi- 



focal lens encounters movement of the sight. Moreover, 
each of the portions having an astigmatism of 2.0D 
exists. 

On the other hand, as can be understood from the 

5 astigmatism curves shown in Fig. 5, the progressive 
multifocal lens manufactured by the method according 
to this embodiment has reduced irregular portions of the 
astigmatism curves near the distance design reference 
point A. Thus, no irregular portion was confirmed. More- 

10 over, astigmatism curves, each having a surface astig- 
matism of 0.5D near the boundary between the 
distance portion 5 and the intermediate portion 7, 
extend downwards to positions near the outer end of the 
lens. Therefore, the clear field of vision in the distance 

is portion 5 is enlarged and clear sight without movement 
can be obtained. Moreover, the astigmatism curves are 
smooth in the intermediate portion 7 so that movement 
of the sight produced in the foregoing portion is pre- 
vented. By manufacturing the progressive multifocal 

20 lens by the method according to this embodiment, the 
portion having the surface astigmatism of 2.0D can be 
eliminated. Therefore, a progressive multifocal lens hav- 
ing improved astigmatisms over the surface of the lens 
can be provided. During the process for manufacturing 

25 the progressive multifocal lens according to this embod- 
iment, the astigmatism is locally corrected. The correc- 
tion causes smoother astigmatism curves to be 
realized. Moreover, the astigmatism curves in the side 
portion of the lens are caused to run downwards so that 

30 a larger clearer field of vision is obtained. As described 
above, the present invention enables an optimum lens 
having the minimized astigmatism to be obtained. Since 
the local correction can easily be performed, the lens 
can be further optimized. Thus, a progressive multifocal 

35 lens exhibiting excellent performance can be provided 
in a short period of time. 

Fig. 7 shows astigmatism curves of a progressive 
multifocal lens having the basic specification similar to 
that of the foregoing lens and manufactured by the 

40 method according to the present invention in such a 
manner that the surface is divided into 3 mm x 3 mm lat- 
tice sections. As can be understood from the figure 
above, if the 3 mm x 3 mm lattice sections are used, a 
progressive multifocal lens having a smooth astigma- 

45 tism can be manufactured. Therefore, generation of 
irregular portions of the astigmatism curves near the 
distance design reference point A can also be pre- 
vented in this example. Moreover, the curve having the 
astigmatism of 0.5D is caused to run downwards in the 

so periphery of the lens so that a large clear field of vision 
is obtained. 

Fig. 8 shows astigmatism curves of a progressive 
multifocal lens having the basic specifications similar to 
that of the foregoing lens and manufactured by the 
55 method according to the present invention in such a 
manner that the surface was divided into 4 mm x 4 mm 
lattice sections. As can be understood from the figure 
above, if the 4 mm x 4 mm lattice sections are used, a 
progressive multifocal lens having a smooth astigma- 
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tism can be manufactured. Moreover, generation of 
irregular portions of the astigmatism curves near the 
distance design reference point A can be prevented. 

As can be understood from Figs. 7 and 8, the sur- 
face is divided into lattice sections, one side of which is 
about 4 mm to determine the curved-surface equation 
for each section so as to form the surface of the lens. As 
a result a progressive multifocal lens having smooth 
astigmatism curves can be obtained. If the optesthesia 
is considered, significant improvement cannot be 
obtained in a case where the surface is divided into lat- 
tice sections, the one side of which is about less than 1 
mm. Therefore, it is preferable that the surface be 
divided into about 1 mm to 4 mm x 1 mm to 4 mm lattice 
sections to obtain the curved-surface equations. In a 
case where the surface is divided into lattice sections, 
the one side of which is about 4 mm, which is in the fore- 
going range, a portion having a surface astigmatism of 
2.0D appears as can be understood from Fig. 8. There- 
fore, it can be understood that division of the surface 
into lattice sections, one side of which is about 4 mm or 
shorter, that is, about 1 mm to about 3 mm to obtain the 
curved-surface equations enables a progressive multi- 
focal lens, in which the astigmatism over the lens sur- 
face is prevented. 

As can be understood from Figs. 5 and 7, division of 
the surface into lattice sections, the one side of which is 
about 3 mm, results in the curve of the astigmatism of 
0.5D to run downwards in the periphery of the lens and 
the curve is again raised. Thus, the clear field of vision 
is somewhat reduced. Therefore, it can be understood 
that division of the surface into lattice sections, one side 
of which is about 3 mm or shorter, that is, about 1 mm to 
about 2 mm to obtain the curved-surface equations, 
enables a progressive multifocal lens having a large 
Clearfield of vision and a clearer sight. Although the lat- 
tice sections are employed in this embodiment, the sec- 
tions, of course, are not limited to the lattice sections. If 
an employed shape is able to continuously divide the 
surface of the lens, the surface may be divided into any 
polygonal shape. Moreover, the shapes of the sections 
may be changed for respective portions depending 
upon the shape of the lens, distance portion and the 
near portion. 

In general, obtaining of the curved-surface equation 
by dividing the surface into small sections enables the 
surface shape of the lens to be easily optimized. There- 
fore, in the case of the progressive multifocal lens hav- 
ing a large clear field of vision in the distance portion 
according to this embodiment, it is effective to divide the 
distance portion into relatively large sections, for exam- 
ple, lattice sections, the one side of which is about 3 mm 
to about 4 mm, to obtain curved-surface equations. 
Moreover, the near portion is divided into relatively 
small sections, for example, lattice sections, one side of 
which is about 2 mm to about 3 mm, to obtain curved- 
surface equations. Moreover, the intermediate portion 
having the refractivity which is changed progressively 
may be divided into smaller sections, for example, lat- 



tice sections, one side of which is about 1 mm to 2 mm, 
to obtain curved-surface equations. By changing the 
sizes of the sections depending upon the distribution of 
the refractivity and the astigmatism to obtain the curved- 
5 surface equations as described above, an optimum sur- 
face shape of a lens can be formed in a short period of 
time. 

[Second Embodiment] 

w 

Figs. 9 and 1 0 show astigmatism curves of progres- 
sive multifocal lenses, the basic specification of which is 
such that the base curve is 6D, addition power is 1 D and 
the refractivity is 1.5. Fig. 9 shows the astigmatism 

is curves of a lens manufactured by a conventional higher 
polynomial. Fig. 10 shows the astigmatism curves of the 
surface of a lens manufactured by the method accord- 
ing to the present invention in such a manner that the 
surface of the lens is divided into 2 mm x 2 mm lattice 

20 sections to obtain the curved-surface equation. 

The progressive multifocal lenses shown in Fig. 9 
and 10 are progressive multifocal lenses designed in 
such a manner that the boundary lines of the intermedi- 
ate portion are moved vertically to prevent change in the 

25 astigmatism in the intermediate portion. The lens shown 
in Fig. 9 has a large clear field of vision from the dis- 
tance portion to the intermediate portion. Thus, it can be 
understood that the foregoing lens has a fight and clear 
sight. However, irregular portions exist in the astigma- 

30 tism curves near the distance design reference point A. 
Thus, it can be considered that movement of an image 
appears during sight. On the other hand, the progres- 
sive multifocal lens shown in Fig. 10 and according to 
the present invention, as a matter of course, has a large 

35 clear field of vision. Moreover, the irregular portions in 
the astigmatism curves near the distance design refer- 
ence point A can be prevented. As a result of the 
present invention, a smooth astigmatism can be 
obtained. Therefore, a progressive multifocal lens hav- 

40 ing both targe and light static sight and a dynamic sight 
free from moving images can be provided. 

[Third Embodiment] 

45 Figs. 11 and 12 show astigmatism curves of pro- 
gressive multifocal lenses, the basic specification of 
which is such that the base curve is 6D, addition power 
is 2D and the refractivity is 1 .5. Fig. 1 1 shows the astig- 
matism curves of a lens manufactured by a conven- 

so tional higher polynomial. Fig. 1 2 shows the astigmatism 
curves of the surface of a lens manufactured by the 
method according to the present invention in such a 
manner that the surface of the lens is divided into 2 mm 
x 2 mm lattice sections to obtain the curved-surface 

55 equations. 

The progressive multifocal lenses according to this 
embodiment are lenses manufactured in accordance 
with the same design concept as that of the second 
embodiment However, as can be understood from Fig. 
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1 1 , if the addition power is enlarged, the lens manufac- 
tured by the conventional method encounters a consid- 
eration that the astigmatism curves are bent upwards in 
the periphery of the lens, thus resulting in the dear field 
of vision to be reduced. Moreover, irregular portions of 5 
the astigmatism curves exist near the distance design 
reference point A and the irregular range is enlarged. 
On the other hand, the progressive multifocal lens 
shown in Fig. 12 and according to the present invention 
has the astigmatism curves running downwards in the 10 
periphery thereof so that a large clear field of vision is 
attained. Moreover, no irregular portion exists in the 
astigmatism near the distance design reference point A. 
As described above, the present invention enables a 
progressive multifocal lens in accordance with the 75 
design concept to be obtained even if the progressive 
multifocal lens has a large addition power. 

[Fourth Embodiment] 

20 

Figs. 13 and 14 show astigmatism curves of pro- 
gressive multifocal lenses, the basic specification of 
which is such that the base curve is 6D, addition power 
is 3D and the refractivity is 1.5. Fig. 13 shows the astig- 
matism curves of the lens manufactured by using a con- 25 
ventional higher polynomial. Fig. 14 shows the 
astigmatism curves of the surface of a lens manufac- 
tured by the method according to the present invention 
in such a manner that the surface of the lens is divided 
into 2 mm x 2 mm lattice sections to obtain the curved- 30 
surface equation. 

The progressive multifocal lenses according to this 
embodiment are lenses manufactured in accordance 
with the same design concept as that of the second 
embodiment. However, a lens of a type having the addi- 35 
tion power cannot be manufactured by the conventional 
method to have satisfactory performance. As can be 
understood from Fig. 13, excessive irregular portions 
appear in the astigmatism curves near the distance 
design reference point A and the near design reference ao 
point B. On the other hand, the progressive multifocal 
lens shown in Fig. 14 and according to the present 
invention enables the irregular portions in the astigma- 
tism curves to be prevented near the distance design 
reference point A and the near design reference point B. 45 
Moreover, the progressive multifocal lens according to 
the present invention attains smooth astigmatism 
curves over the surface thereof as well as the foregoing 
portions. Therefore, the present invention enables a 
progressive multifocal lens having a large addition so 
power to be obtained which has satisfactory perform- 
ance. 

[Fifth Embodiment] 

55 

Figs. 15 and 16 show astigmatism curves of pro- 
gressive multifocal lenses, the basic specification of 
which is such that the base curve is 4.5D, addition 
power is 1 D and the refractivity is 1 .5. Fig. 15 shows the 
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astigmatism curves of the lens manufactured by using a 
conventional higher polynomial. Fig. 16 shows the astig- 
matism curves of the surface of a lens manufactured by 
the method according to the present invention in such a 
manner that the surface of the lens is divided into 2 mm 
x 2 mm lattice sections to obtain the curved-surface 
equation. 

The progressive multifocal lenses according to this 
embodiment are lenses designed in accordance with a 
design concept to improve the intermediate field of 
vision and the distance field of vision by elongating the 
progressive zone to prevent change in the refractivity. 
The lens shown in Fig. 15 has a curve having the sur- 
face astigmatism of 0.5D which is located in the lower 
portion of the lens. Therefore, it can be understood that 
a very large clear field of vision is attained from the dis- 
tance portion to the intermediate portion. However, 
somewhat irregular portions exist in the astigmatism 
curves. On the other hand, the progressive multifocal 
lens shown in Fig. 16 and according to the present 
invention has a clear field similar to that obtainable from 
the conventional lens. Moreover, the astigmatism 
curves have no irregular portion and are very smooth. 
As described above, even if a progressive multifocal 
lens having satisfactory performance can be manufac- 
tured by the conventional method, employment of the 
present invention enables a progressive multifocal lens 
having improved performance to be provided. 

[Sixth Embodiment] 

Figs. 17 and 18 show astigmatism curves of pro- 
gressive multifocal lenses, the basic specification of 
which is such that the base curve is 4.5D, addition 
power is 2D and the refractivity is 1 .5. Fig. 1 7 shows the 
astigmatism curves of the lens manufactured by using a 
conventional higher polynomial. Fig. 18 shows the astig- 
matism curves of the surface of a lens manufactured by 
the method according to the present invention in such a 
manner that the surface of the lens is divided into 2 mm 
x 2 mm lattice sections to obtain the curved-surface 
equation. 

The progressive multifocal lenses are lenses manu- 
factured in accordance with the same design concept 
as that of the fifth embodiment However, the lens 
shown in Fig. 1 7 and manufactured by the conventional 
method has an enlarged addition power so that irregular 
portions are generated in the astigmatism curves in the 
vicinity of the distance design reference point A. Thus, it 
can be understood that the performance of the lens 
deteriorates. On the other hand, the lens shown in Fig. 
18 and manufactured by the method according to the 
present invention has no irregular portion in the astig- 
matism curves near the distance design reference point 
A. Moreover, smooth astigmatism curves are obtained 
at long intervals from the distance portion to the inter- 
mediate portion. It can be understood that an excellent 
field of vision, which is free from change in the refractiv- 
ity and in the astigmatism, can be obtained in the fore- 
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going portion. As described above, the progressive 
multifocal lens manufactured by the method according 
to the present invention enables an optimum lens In 
accordance with the design concept to be provided. 

5 

[Seventh Embodiment] 

Figs. 19 and 20 show astigmatism curves of pro- 
gressive multifocal lenses, the basic specification of 
which is such that the base curve is 4.5D, addition 10 
power is 3D and the refractivity is 1 .5. Fig. 1 9 shows the 
astigmatism curves of the lens manufactured by using a 
conventional higher polynomial. Fig. 20 shows the astig- 
matism curves of the surface of a lens manufactured by 
the method according to the present invention in such a is 
manner that the surface of the lens is divided into 2 mm 
x 2 mm lattice sections to obtain the curved-surface 
equation. 

The progressive multifocal lenses according to this 
embodiment are lenses manufactured in accordance 20 
with the same design concept as that of the fifth embod- 
iment. However, the lens shown in Fig. 1 9 and manufac- 
tured by the conventional method has great irregular 
portions in the astigmatism curves in the vicinity of the 
distance design reference point A and the near design 25 
reference point B. Thus, it can be understood that a lens 
having a satisfactory performance cannot be obtained. 
On the other hand, the lens shown in Fig. 20 and man- 
ufactured by the present invention has smooth astigma- 
tism curves near the distance design reference point A 30 
and the near design reference point B without an irreg- 
ular portion. Similarly, smooth astigmatism curves are 
obtained in the distance portion to the intermediate por- 
tion, the astigmatism curves being located at relatively 
long intervals. Therefore, even if a progressive multifo- 35 
cal lens has a large addition power, the present inven- 
tion enables a lens having a satisfactory performance to 
be provided. 

As described above, according to the present 
invention, the surface of the lens is divided into a plural- 40 
ity of sections to obtain the curved-surface equation for 
each of the sections. Thus, an optimum progressive 
multifocal lens having astigmatisms and refractivities 
which are distributed in accordance with any of a variety 
of design concepts can be provided. Although the 45 
description of the exemplary embodiments has been 
about the progressive multifocal lens having a small 
near portion for use in eyeglasses for correcting presby- 
opia, the present invention is not limited to the progres- 
sive multifocal lens of the foregoing type. The present so 
invention is able to provide a progressive multifocal lens 
which reflects the design concept having satisfactory 
performance even if the lens is a progressive multifocal 
lens having a small distance portion or another progres- 
sive multifocal lens in accordance with another design ss 
concept. 

The method according to the present invention ena- 
bles partial correction of the surface shape of the lens to 
be easily performed so that an optimum surface shape 



of a lens is obtained in a short period of time. In the fore- 
going examples, the ray tracing method is used when a 
progressive multifocal lens is manufactured while con- 
sidering the refraction of each of the two surfaces of the 
lens. Therefore, the manufactured progressive multifo- 
cal lens according to the present invention has an 
improved surface astigmatism. Moreover, the perform- 
ance as the lens adaptable to the eye of a wearer can 
be improved significantly. Although the foregoing 
embodiments have described a lens having satisfactory 
performance can be obtained in accordance with the 
astigmatism indicating the surface astigmatism, it is 
apparent that the present invention is able to provide a 
progressive multifocal lens having more improved per- 
formance as the performance when used with the eyes. 

Although each of the examples have been 
described with respect to one surface, which is one of 
the two surfaces of the progressive multifocal lens and 
is divided into sections to manufacture the lens. Another 
surface, that is, the reverse surface, may, of course be 
divided into a plurality of sections to form the surface of 
a lens having the refractivity which is progressively 
changed. Moreover, the two surfaces of the lens may be 
manufactured by the method according to the present 
invention to further improve the performance of the lens. 

As described above, according to the present 
invention, a progressive multifocal lens can be obtained 
which has a large clear field of vision and smooth astig- 
matism curves and which is capable of obtaining both 
clear static sight and dynamic sight. 

[Industrial Applicability] 

The present invention relates to the progressive 
multifocal lens and the manufacturing method therefor. 
A progressive multifocal lens for use as lenses for eye- 
glasses exhibiting a large clear field of vision and 
smooth astigmatism curves can be provided. Thus, eye- 
glasses enabling a wearer of the eyeglasses to obtain 
clear static sight and dynamic sight can be realized. 

Claims 

1 . A progressive multifocal lens, comprising: 

a distance portion having relatively low refrac- 
tivity. a near portion having relatively high 
refractivity and an intermediate portion having 
refractivity which is progressively changed 
between said two portions, wherein 
at least either surface of said progressive multi- 
focal lens is continuously divided into a plurality 
of sections each of which has a surface shape 
determined in accordance with a curved-sur- 
face equation therefor, and said curved-surface 
equations for said sections are, in each bound- 
ary of said sections, continuous to each other 
at least to the extent of derivative functions of 
second order of said curved-surface equations. 
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2. A progressive multifocal lens according to claim 1, 
wherein each of said divided sections is formed into 
a lattice shape. 

3. A progressive multifocal lens according to claim 2, s 
wherein each of said sections is formed into a lat- 
tice shape, one side of which is about 1 mm to 
about 4 mm. 

4. A progressive multifocal lens according to claim 2, 10 
wherein each of said sections is formed into a lat- 
tice shape, one side of which is about 1 mm to 
about 3 mm. 

5. A progressive multifocal lens according to claim 2, 75 
wherein each of said sections is formed into a lat- 
tice shape, one side of which is about 1 mm to 
about 2 mm. 

6. A progressive multifocal lens according to claim 3, 20 
wherein each of said sections in at least said near 
portion is formed into a lattice shape, one side of 
which is about 1 mm to about 3 mm. 

7. A progressive multifocal lens according to claim 3, 25 
wherein each of said sections in at least said inter- 
mediate portion is formed into a lattice shape, one 
side of which is about 1 mm. 

8. A progressive multifocal lens according to claim 1, 30 
wherein said curved-surface equation is a bicubic 
expression. 

9. A progressive multifocal lens according to claim 1, 
wherein said curved-surface equation for each sec- 35 
tion is determined in such a manner that the differ- 
ence in distribution of astigmatisms and 
refractivities at the position of a wearer's eye, 
obtained by a ray tracing method in accordance 
with a radius of curvature previously set to said sec- 40 
tion, is minimized. 

10. A method of manufacturing a progressive multifocal 
lens including a distance portion having relatively 
low refractivity, a near portion having relatively high 45 
refractivity and an intermediate portion having 
refractivity which is progressively changed between 
said two portions, said method of manufacturing a 
progressive multifocal lens comprising the steps of: 

50 

setting distribution of refractivity of said dis- 
tance portion, said near portion and said inter- 
mediate portion for at least one surface of said 
progressive multifocal lens; 
setting a radius of curvature in accordance with ss 
said set distribution of said refractivity; 
dividing the surface of said lens into a plurality 
of continuous sections; 



determining a curved-surface equation for 
each section under a condition that at least 
said curved-surface equations for respective 
sections are continuous in the boundaries of 
the respective sections at least to the extent of 
derivative functions of second order of said 
curved-surface equations; and 
forming the surface of said lens to have a sur- 
face shape determined in accordance with said 
curved-surface equation for each section. 

1 1 . A method of manufacturing a progressive multifocal 
lens according to claim 10, wherein the surface of 
said lens is divided into lattice sections. 

12. A method of manufacturing a progressive multifocal 
lens according to claim 1 1 , wherein each of said 
sections is divided into a lattice shape, one side of 
which is about 1 mm to about 4 mm. 

1 3. A method of manufacturing a progressive multifocal 
lens according to claim 1 1 , wherein each of said 
sections is divided into a lattice shape, one side of 
which is about 1 mm to about 3 mm. 

14. A method of manufacturing a progressive multifocal 
lens according to claim 1 1 , wherein each of said 
sections is divided into a lattice shape, one side of 
which is about 1 mm to about 2 mm. 

1 5. A method of manufacturing a progressive multifocal 
lens according to claim 12, wherein each of said 
sections in at least said near portion is formed into 
a lattice shape, one side of which is about 1 mm to 
about 3 mm. 

1 6. A method of manufacturing a progressive multifocal 
lens according to claim 12, wherein each of said 
sections in at least said intermediate portion is 
formed into a lattice shape, one side of which is 
about 1 mm. 

17. A method of manufacturing a progressive multifocal 
lens according to claim 10, wherein said curved- 
surface equation is a bicubic expression. 

18. A method of manufacturing a progressive multifocal 
lens according to claim 10, further comprising a 
step, following said step of dividing the surface into 
the sections, of obtaining the difference in distribu- 
tion of astigmatisms and in refractivities for each 
section at the position of the wearer's eye obtained 
by a ray tracing method to correct the radius of cur- 
vature for each section in such a manner that the 
difference in the distribution of astigmatisms and in 
refractivities are minimized. 



11 



EP 0 744 646 A1 



FIG. 1 




12 



EP0744 646A1 



2 



-11 



gSMffi U. y, d) 



§.£ffim*tl (x. c) 



12 



-13 



-14 



3-15 



StS^S^f (x. y, 2) 




-16 



,17 



-18 



.20 



13 



EP0 744 646A1 



. 3 



y 

P(1,N) 



7- 



7 



5s 



P(U) 



t 



z 




P (i .j) 
PCM .N) 



i 



P(M,1) x 



14 



EP0 744 646 A1 



FIG. 4 




15 



EP0 744 646 A1 



FIG. 5 




6 



16 



FIG. 6 



EP 0 744 646 A1 



A. 91 

A. 45 4.05 3-82 3.74 332 4.05 4.45 
4.75 4.0t 3-45 3.05 2.82 2-74 2.82 3-05 3.45 4.01 4.75 
4.82 3.90 3.16 2.60 2.21 1.98 1.90 1.98 2.21 2.60 3.16 3.90 4.82 
4.12 3.20 2.47 1.91 1-52 1.29 1-21 1.29 1.52 1.91 2-47 3 20 4-12 
4.69 3.58 2.66 1.93 1-38 0 99 0.78 0 880 76 0-89 1-38 1-93 2-66 3-58 4.69 

4 30 3 19 2-28 1.55 1 00061 0 38 0-30 0 38 0-61 1 00 1-552 28 3-19 4-31 
4.08 2.97 2 06 1.33 0.77 0.38 0 15 0.08 0.15 0.38 0.77 1.33 2.07 2.98 4.09 

5 38 4-05 2 94 2 02 1 28 0 72 0-31 0 08 0-00 0 08 &32 0 72 1 29 2-04 2 06 4-08 540 
4.23 3.11 2.18 1.43 0.84 0.4 2 0.17 0.08 0.16 0.42 0-85 1.44 2.21 3.15 4.28 
4.51 3.482.54 1.77 1.15 0.71 0.44 0.34 0.43 0.71 1.17 1.79 2-59 3.55 4.69 

5 20 4.06 3 10 2 31 1.68 1.21 0 91 0-79 0 89 H9 1.68 2-34 3-17 4.16 5-32 
4.85 3.88 3-06 2-41 1.91 1.59 1.47 1.57 1.89 2-40 3.09 3.95 4.97 
5-86 4-87 4-04 3 38 2 85 2 51 2-39 2 48 2-81 334 4-05 4 94 5 99 

6 08 5 23 4.54 4 02 3 67 3-54 3-64 3 97 4- 51 5. 24 6- 15 
5.97 5.43 5.08 4.95 5.05 5.38 5.93 
6.81 



17 



EP0744 646A1 



FIG. 7 




18 



EP0744 646A1 



FIG. 8 




19 




20 



EP0 744 646A1 



FIG. 10 




6 



21 



EP0 744 646A1 



FIG. 11 




22 



EP0744 646A1 



FIG. 12 




23 



EP 0 744 646 A1 



FIG. 13 




24 



EP0744 646 A1 



FIG. 14 




25 



EP0744 646A1 



FIG. 15 




26 



EP0 744 646A1 



FIG. 16 




27 



EP 0 744 646 A1 



FIG. 17 




EP0 744 646A1 



FIG. 18 




29 



EP0 744 646A1 



FIG. 19 




30 



EP0 744 646 A1 



FIG. 20 




31 



EP0 744 646A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP95/01 940 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 6 G02C7/06 




According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 G02C7/06 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 19 26 - 19 95 

Kokai Jitsuyo Shinan Koho 1971 - 1995 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 1-63923, A (Sorlar International Horldings 
Ltd.) , 

March 9, 1989 (09. 03. 89 i 

& US, 4838675, A & EP, 295849, A 



Relevant to claim No. 



10 



18 



""I Further documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited c 

A" document deJjoiag the general sate of the art wtka a no\ considered 
to be of particular relevance 

E" earlier document bat published on or after the international filing date 

f document which may throw doubts on priority daises) or which fa 

cited to establish the publication date of another citation or other 

special reason (as specified) 

" O" document referring to an oral disclosure, use. exhibition or other 



F * document published prior to the international filing date but later thai 
the priority date claimed 



d after the international filing date or priority 
dale and not in conflict with the application bat cited to understand 
die principle or theory ondertyiag the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve aa inventive 
step when the document is taken alone 

**Y M document of particular relevance; the claimed invention cannot be 
considered to involve an ioventive step when the document b 
combined with one or more other such documents, such combioatios 
being obvious to s person dulled in the art 

M &" document member of the same patent family 



Date of the actual completion of the international search 

November 29, 1995 (29. 11. 95. 


Date of mailing of the international search report 
December 19, 1995 (19. 12. 95) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



32 



